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Electrochemical propertiesA new compound, {[Ag(DF)2]4SiW12O40} (1), (DF = 4,5-diazaﬂuoren-9-one), has been hydrothermally
synthesized, and characterized by elemental analyses, IR, TG and single crystal X-ray diffraction. A structural
feature in 1 is that the adjacent [Ag(DF)2]2(SiW12) fragments are linked together by H-bonds to achieve left- and
right- handed helical chains with the pitch ca. 26.3 Å. Furthermore, these helical chains are linked via H-bonds
forming a poly-pendant layer, in which the [Ag(DF)2] moieties as pendants are appended to the two sides of
the layer. Interestingly, adjacent layers mutually engage in an interdigitated pattern to result in a novel a
2D + 2D→ 3D architecture. The electrochemical studies show that 1 has a good electrocatalytic activity toward
reduction of hydrogen peroxide molecules.
© 2013 The Authors. Published by Elsevier B.V. All rights reserved.Helical structures such as protein bundles and DNA are prevalent in
biological systems and represent a topic of intense interest in coordina-
tion and materials chemistry. Many chemists have put great efforts on
the rational design and synthesis of artiﬁcial helical compounds [1–4],
which show signiﬁcance in multidisciplinary areas such as biology,
optical devices, and asymmetric catalysis [5–7]. An effective strategy
to construct helical compounds is the assembly ofmetal ions and organ-
ic ligands containing O- or N-donor atoms [8]. Recently, a promising
route for constructing helical compounds has emerged by introducing
polyoxometalates (POMs) into the reaction systems of metal ions and
organic ligands [9,10]. The POMs, as a large family of metal–oxygen
clusters, have become attractive inorganic building blocks due to their
large numbers of structural diversity and various applications in differ-
ent areas, including catalysis [11–15], medicine [16,17], and materials
science [18–24]. Thus, the helical compounds based on POMs, which
can combine the features of helixes and POMs to possess moreerms of the Creative Commons
which permits non-commercial
d the original author and source
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lished by Elsevier B.V. All rights reserbroadening applications, have attracted much attention of chemists.
And many of artiﬁcial helical compounds have been obtained
[25–28]. The POMs in such compounds mainly show three kinds of
roles: templates enraptured in the helical network [25], connectors
of the helical chains [26], as well as pendants attached on the helical
chains [28].
On the other hand, interdigitated compounds are held together by
gear-like (or tongue-and-groove) pattern rather than by covalent
bonds [29,30], and the interdigitated compounds are more ﬂexible
than the usual networks entirely based on coordination bonds, due
to their unique mechanically interlocked structures [31–34]. Apart
from their intrinsic esthetic appeal, the interdigitated compounds
have potential applications in ranging from guest sorption [35], self-
replication [36] to ﬁber behavior [37]. From the structural point of
view, POM-based compounds consisting of both helical and interdigi-
tated motifs are very interesting, since there exists a correlation
between structural complexity and multi-functionality in coordination
compounds. However, to date, the POM-based compounds possessing
both helical and interdigitated motifs in one compound have not been
reported.
In the present communication,we report the synthesis and structure
of a new POMs-based compound with both helical and interdigitated
motifs, {[Ag(DF)2]4SiW12O40} (1), (DF = 4,5-diazaﬂuoren-9-one).
Also, electrochemical studies show that 1 has a good electrocatalytic ac-
tivity toward reduction of hydrogen peroxide (H2O2) molecules.ved.
Fig. 1. ORTEP drawing of the basic crystallographic unit in 1 at the 50% probability. All hydrogen atoms are omitted for clarity.
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Single-crystal X-ray diffraction analysis [39] reveals that 1 consists of
two [Ag(DF)2]+ moieties and a [SiW12O40]4−(SiW12) cluster in an
asymmetric unit (Fig. 1). The silver atoms in the two [Ag(DF)2]+ moie-
ties are with different coordination modes: Ag1 is ﬁve-coordination in
rectangular pyramidal coordination geometry achieved by one bridging
oxygen atom from the SiW12 cluster and four nitrogen atoms from two
DF ligands; Ag2 are coordinated by four nitrogen atoms in a square
plane coordination geometry. The bond distances and angles around
the Ag atoms are in 2.887(9) Å for Ag\O and 2.168(6)–2.841(7) Å
for Ag\N, and N\Ag\N angles are in 74.61(18)–178.2(2)°. The Ag1
connects two DF molecules forming a hinge motif (Fig. 2 left) while
Ag2 connects two DF molecules achieving a plane motif (Fig. 2 middle).
The SiW12 cluster shows the well-known α-Keggin type structure,
consisting of central SiO4 tetrahedron corner-sharing four triad
{W3O13} clusters.
One structural feature for 1 is its helical chains (Fig. 3), which can
be described in detail as follows: Firstly, each of the SiW12 cluster
links two hinge [Ag1(DF)2] moieties via its bridging oxygen atoms to
form a [Ag1(DF)2]2(SiW12) fragment (Fig. 2 right). The adjacent
[Ag1(DF)2]2(SiW12) fragments are linked together by H-bonds to
achieving left- or right-handed helical chains along the c axis (Fig. 3).
The pitch of the left- and right-handed helical chains is ca. 26.3 Å.
Furthermore, these right-handed helical chains are linked via H-bonds
forming a novel chiral layer (Fig. 4a). Nevertheless, there also exists a
similar chiral layer constructed by left-handed helical chains. As a result,
the whole architecture of 1 does not possess chiral.
As shown in the Fig. 4b, the chiral layer is also a poly-pendant layer
view along the c axis, in which the [Ag1(DF)2] moieties as pendants are
appended to the two sides of the layer. There are many gaps between
the [Ag1(DF)2] pendants. As is known, such large structural gaps are
often occupied by solvent molecules or guest molecules to achieve the
structural stabilization. Otherwise, the interdigitation phenomenaFig. 2. Details of the coordination modes of Agmay occur, that is, the gaps associated with one structure motif are
occupied by one or more independent structure motifs to ﬁll the
spaces. Interestingly, in the structure of 1, these gaps of one layer
are interdigitated by the protrudent [Ag1(DF)2] pendants from the
adjacent layers to form a 2D + 2D → 3D architecture (Fig. 4c).
There exist π⋯π interactions (Fig. 4c, the centroid–centroid dis-
tances ca. 3.285 Å) and multiple hydrogen bondings (Table 1)
in their extended structures, which further stabilizes the 3D inter-
digitated architecture.
To examine the thermal stabilities of 1, the thermogravimetric
analysis was carried out from 25 to 600 °C at a heating rate of
10 °C⋅min−1 in air atmosphere (Fig. S1). The TGA curve of 1 shows
one-step of weight loss below 550 °C corresponding to the gradual
loss of 8 DF molecules (found: 30.3%; calcd: 29.2%). The result of DTA
shows three immediately subsequent steps. The ﬁrst big exothermic
peak at ca. 400 °C is attributable to the decomposition of the DF
molecules. The additional two small exothermic peaks at ca. 450 °C
and 500 °C in the DTA curve may be attributable to the decomposition
of the SiW12 cluster [40]. Both TGA and DTA analyses support the
chemical composition of 1 and also show that 1 possesses a high
stability under 350 °C.
As shown in Fig. S2, the IR spectrum exhibits the characteristic
peaks of α-Keggin structure at 965, 912, 883 and 788 cm−1 which are
attributed to ν(Si\Oc), ν(W_Ot), νas(W\Ob\W) and νas(W\Oc\W)
[41,42], respectively. In addition, bands in the 1100–1740 cm−1 region
can be assigned to characteristic peaks of the DF molecules.
The electrochemical behavior of 1-modiﬁed carbon paste electrode
(1-CPE) and its electrocatalytic reduction of hydrogen peroxide were
investigated. The cyclic voltammetric behavior for 1-CPE in 1 M
H2SO4 aqueous solution was recorded (see Fig. 5) in the range
of +0.8 to −1.0 V. There are two pairs of reversible redox peaks
(II–II′ and III–III′) attributed to the redox process of tungstate
atoms in SiW12 clusters of 1 [43], and one irreversible anodic peak1 (left), Ag2 (middle) and SiW12 (right).
Fig. 3. Diagram of the left- and right-helix handed helical chains in 1.
Table 1
Typical H-bonding lengths and angles in 1.
D\H…Aa D\H(Å) H…A
(Å)
D…A (Å) ∠DHA Symmetry operation
for A
C14\H14A⋯O17 0.93 2.54 3.007 (8) 111.4 x, y, z
C20\20A⋯O18 0.93 2.33 3.077 (8) 136.7 −x, 1 − y, 1 − z
C22\H22A⋯O23 0.93 2.29 3.196 (9) 165.2 −x + 1/2,
−y + 1/2, 1 − z
C24\H24A⋯O3 0.93 2.55 3.315 (8) 139.7 x, y, z
C24\H24A⋯O4 0.93 2.58 3.235 (8) 127.8 x, y, z
C24\H24A⋯O14 0.93 2.42 3.208 (8) 141.9 x, y, z
C34\H34A⋯O22 0.93 2.45 3.201 (10) 137.4 x + 1/2,−y + 1/2,
z − 1/2
C36\H36A⋯O20 0.93 2.19 3.068 (11) 157.3 −x + 1/2,
−y + 1/2,−z
C43\H43A⋯O19 0.93 2.55 3.283 (9) 136.3 −x,−y,−z
a D = donor atom, A = acceptor atom.
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The 1-CPE displays good electrocatalytic activity to reduction of hy-
drogen peroxide. As shown in Fig. 5, with addition of hydrogen per-
oxide, the II and III cathodic peak currents, especially the III,
increased gradually, while the corresponding anodic peak currents
decreased. The nearly equal current steps for each addition of
hydrogen peroxide demonstrate stable and efﬁcient electrocatalytic
activity of 1-CPE. The electrocatalytic efﬁciency of 1-CPE (based on a
rough calculation using CAT formula) [45] toward the reduction ofFig. 4. The typical H-bonds in the chiral layer on the bc plane (a); the chiral layer along thhydrogen peroxide was ca. 110% at 1 M H2SO4 containing 10 mM
hydrogen peroxide, which suggests that 1 has potential applications
in detection of hydrogen peroxide.
In conclusion, a novel supermolecular architecture has been synthe-
sized under hydrothermally condition, utilizing of SiW12 clusters,
DF ligands and silver cations as building blocks. This work, besides
presenting the ﬁrst example of POM-based structure consisting of
both helical and interdigitated motifs, may generate a new kind of
materials that combines the useful properties of helix, interdigitattion
and POM. More work in this ﬁeld is underway in our laboratory.
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Fig. 5. Reduction of H2O2 at 1-CPE in 1 M H2SO4 solution containing H2O2 in various
concentrations (from inner to outer): 0, 5, 10, 15, 20 and 25 mM. Scan rate:
100 mV·s−1. The inset shows a linear dependence of the cathodic catalytic current
of wave III with H2O2 concentration.
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